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D2D Coupon Dissemination
Abstract:

With the growing popularity of smartphes, companies are seekifay new waysof
marketing. One wayas been promoting products by offering discount coupons through
applications specifically designed for that. Applications offering coupons hachee
millions of downloads. Yetno applicatio has been created, which gives discount codes
only when sharing the offefrom device to devic€D2D) or when getting sharedrom
device to deviceThis kind of application would rely onpeerto-peer(P2P data sharing.
Thereforea prototype application wilbe developed implementing Bluetooth, WiFi
Direct and Near Field Communication (NF©)test theusabilty and performance of these
methodsby conductingexperimentsAccording to the results, NFC was the quickest and
easiest for sharing coupons, but oftg of experiment participantsad used it before and
only 17% had it enabled as it &relatively new technologyAt the same time, Wi
Direct and Bluetooth were no match to NFC regardimg total sharing time of one
coupon. Theseesults show that neingle technology should avoured and the most
reasonable approach would be not to remove any of the three sharing nieihodse
application but let the user decide which on to use.
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Léehi kokikuv»t e

Nutitelefonide j2rjest kasvavaupipuVaiamaslus:
kui das seda turundamiseks a4ra kasutdada. |
allahindluskupongide pakkumine toodetele selleks spetsiaalselt loodud rakenduste kaudu.

Seda tg¢epli rakendused on kogunud msénl j onei
loodud rakendustmi s t oi mi b allahindluskedd saal ainultejuhul, kui
kasutaja jagab pakkumiste ad mel t seadmel e v»i jagatakse

rakendus p»hi ne(RPA) apdmete redasmisebregeuts» t t u arend:
pr ot okuhy inplementeeritakse Wi Direct, Bluetooth ja NFC, et testida nende

»udl ust | a KkkatsetegaBeigsset | kbhpsugtide jagami seks
ja kiirem tehnoloogia NFCaga ainult ainult 7% katsealustest olid seda varem kasutanud

ja vaid 17% olid selle oma telefonis aktiveerinud. Samalkajlais Wi-Fi Directi ja Blue-

toothiga jagamisega tunduvalt rohkem aega kui NFCga. Need tul emused n?ait
P2P andmejaamise tehnolooigtest ei ole universaalselarpi m ni n g tlikumi ge m»
oleks lasta kagajal valida, millist meetodit kasutades ta kuporaggapga soovib.
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Deviceto-device (D2D)communcation has becoman inseparable part of data sharing
with the rise of mobile phone usafl§. 15 yearsago people were sharing ringtones by
connecting their phones and waiting many minutes for infrared to complete the dsta tran
fer. Nowadayswe havemany different technologies to complete these data transfers in
few seconds or even less. But as the number of options grows, it becomes more difficult to
choose between them.

1.1 Motivation

In the past decade mobile phones have become the sevasghmedia chanhf]. It is

es i mated that 70% of worl dés pop.Thissvasilyon wi |
growing market has encouraged thousands of developers to create new applications every
day and upload them to Google Play or Apple Store for userstttheea out. In 2015

Android was in the lead, having over 80% share of unit shipmentswd by iOS with

only under 15% as seen on Figure 2.1

Of course there are businesses interested in using smartphones for marketing. pAobile a
plications have beerreated specifically for that purpose and some have had remarkable
successincluding applications dedicated to coupotnfortunately most ofcoupon @-
plications have been targeted to the US ntaakel there are no applicatiofts Estonian
market. Therebre, the author decield to create such application for Estonian mat&et
give local businesses the opportunity to offer coupons through an applicgemifically
created for that purpose.

Furthermore, the god to create an application whichukimately based on coupon sha
ing, so thatheusers get coupon codesly if they share the coupon or receive the coupon
from another user. The key aspect is to make the sharing process asckgsickas ps-
sible.

1.2 Contributions

When developing any applicati or software in general, developer has to have the
knowledge about which technologies to uBee goal of this thesis is to research different
P2Pdata sharingechnologies and analyse the performanakwsability of thesenethods

by implementing themni a prototype applicatiowhich will be designed and created as a
part of this thesis

The prototype will be used for testing data sharing process.sfiseq based on the @r
totypean experimentvill be conductedwhere participants have to chodmdween differ-

ent data sharing technologies and later rate their experience. Results of these experiments
will gathered and analysed for future references.

! hitp://hugin.info/1061/R/1925907/691079.pdR.05.2016

2 hitp://lwww.idc.com/prodserv/smartphos-marketshare.jsp12.05.2016
? http://developer.android.com/sdk/index. htrh?.05.2016
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1.3 Outline

Chapter 2: describessimilar application which are publicly available at Google Play
Store andthe platforms that will be uskefor developing the prototype. It also takes a
closer look at data sharing technologies that will be used in application to share coupons.

Chapter 3: describes the research question that this thesis focuses on.

Chapter 4: descibes in detail the structure of the prototype as well as how different P2P
technologies were implementedthe application

Chapter 5: presents the data gathered by executing the experiments and analyses the
feedback gathered from participants

Chapter 6: concludesthe thesis with a summary and mentions some possible future
directions
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2.1 Choice of platform s

The prototype pplication will be developed for Android platform as Android has been the
most popular operational system for smartgrsfor many years now which can be seen
on Fgure 21. The gplication will be developed using Android SDK (Software Degelo
ment Kit) which gives all the tools required for developing coupon sharing application in
Java programming languagendroid Studio igoing to be used for this project dsg the
official IDE (integrated development environmetity Android and isdeveloped by
Google®.

Worldwide Smartphone OS Market Share
(Share in Unit Shipments)

90%

70%

60%
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Source: IDC, Aug 2015 Android —i0S w——Windows Phone BlackBerry OS Others

Figure2.1 Worldwide Smartphone OS Market Share [sofjrce

2.2 Related Works

Many applicatios in Google PlayStore arededicated to coupons. One of the mostuypop
lar, with overl0 million installsis The Coupons Apscreenshot of the application can be
seen on Figure.2. It has gained such popularity due to its simpli¢itygo registration is
required, user can start scrolling through coupon offers right g8yaynfortunatey it has
no offers targeted to Estonian customers and coupons cannot be*shared

Another rather popular coupon application is Anycodes with over0Q00downloads.
Screenshot of the appétion can be seen on Figure .213nlike The Coupons App,
Anycodes gers can also share coupon offers. Coupon offers can be shared using a wide

® http://developer.android.com/sdk/index.htrh2.05.2016
* hitps://play.google.com/store/apps/details?id=thecouponsapp.coupon&t=25.2016
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variety of methods including petr-peer(P2P)technologies like Bluetooth, \ARi Direct
and Near Field CommunicationNFC). However, only html linkof the coupon is being
sharedand the usewho shares the coupagains no benefit frorthat®.

Home You may like Hottest Categories

LIKE GIFT CARDS?
SO0DOWE
Sign up and get 200 points

O CHEAPEST ;m;ym?m gift card.

() GAS NEARBY

Your Favorite Stores See All

amazon @ xoHs

Walmart

Just for You
@ Target
TARGET.

Enjoy upcoming soccer matches on FOX
Soccer 2GoEnjoy upcoming soccer

GET ONE DOZEN
ORIGINAL GLAZED® DOUGHNUTS matches on FOX Soccer 2Go

FREE

Figure2.2 The Coupons App Figure2.3. Anycodes
[sourcé] [sourcé]

2.3 Peer-to-Peer

In P2P network, woikad is equally distributed between pedgposing to servetlient

network model, where communication goes throagentralizedPeerto-p e er nset wor k
each nodecan act as a @nt or serverThis kind of decentralization benefits the most in
situations where resources are limited as such network consumes less power due to its
workload distributior?.

The nature of P2P makes it ideal to be used by lmphionesin this document we take a

closer look of commonwirelesspeerto-peer technologies used in smartphonedlue-
tooth, WiFi Direct and NFC.

® https://play.google.com/store/apps/details?id=@mycodes&hl=et12.05.2016
® http://academic.eb.com.ezproxy.utlib.ut.ee/EBchecked/topic/10554041R 215.2016
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Bluetooth

Bluetooth was first introduced in 1994 Swedish mbile manufacturer Ericssdn It pro-

vides away to create wireless networks between devices physically close to each other.

Like many other wireless technologies, Bluetooth uses an unlicensed 2.4 gigahertz (GHz)

to 2.4835 GHz frequency barjd]. Data transmission is established by using frequency
hopping spread spectrum (FHSS). It means that every channel is being used for a short
time (usually |l ess than a millisecond) aft
hopping is predetermined by a psewdodom sequence. FHSS ensures connectiori-stabi

ity by reducing transmission errors and interfergbg¢e

Since its launchBluetooth has gonthrough a lot of improvements, latest version being
Bluetooth v4.2which waspresented in 201% Bluetooth 4.0+, often called Bluetooth low
energy (LE), aim igo consume less energy as its name suggests. Therefore it is an ideal
form of communication for small monitoring devicksHowever, as BluetoothE is a
relatively new technologynany of the older Android devices do not supjitort

Wi-Fi Direct

Wi-Fi Direct, also called WFi peerto-peeris a WiFi standard which allows devices to
directly connect to each other without the need of wireless acces®puoitérnet conne
tion [6]. It suppors regular WiFi speeds, which could be up to 250 MBpsOne of he
advantages oWi-Fi directis the fact thathe connection can be established over much
longer distances comparedBtuetooth™".

Near Field Communication

First Android NFC device was Saomg Nexus S, released in 2030 Since then, more
and more NF&mabled handsets have been released, reaching 444 million devices in
2014 it is expected to more than double by the ye&(if6 as seen on Figure 2%

NFC itself is a set of communication protocols whiallow small chunks of data to be
shared betweenvb devices, one of which is usually a mobile phpfjeNFC device, also

called as a reader, interrogator or active device works by creating a radio frequency which
are picked up panother NF@enabled devicé”. It is typically required to have a distance

of 4 cm or less between devices for initiating NFC roection™.

" http://www.oxfordreference.com.ezproxy.utlib.ut.ee/view/10.1093/acref/9780199651467.001.0001/acref
978019965146%-0034 12.05.2016
®https:/ivww.bluetooth.com/news/pressreleases/2014/12/03meetoothspecificationsnableip-
connectivitydeliverindustryleadingprivacyincreaseespeed 12.05.2016
*https://www.bluetooth.com/whas-bluetoothtechnology/bluetoothechnologybasics/lowenergy
12.05.2016

10 http://www.wi-fi.org/knowledgecenter/fag/howastis-wi-fi-direct 12.05.2016

" http://developer.android.com/guide/topics/connectivity/wifip2p.htt8l05.2016

2 http://www.androidcentral.com/gingerbregehturenearfield-communication 12.06.2016
Bhttps:/technology.ihs.com/533599/rdoablechandseshipmentsto-reachthreequartersof-a-billion-in-
2015 12.05.2016

1 http://Iwww.nearfieldcommunication.org/abenfic.html, 12.05.2016

15 http://developer.android.com/guide/topics/connectivityinftex.htm| 12.05.2016
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Figure2.4. World shipment oNFC-enabled cellular handsets (in millions)
[sourcé?

2.4 Summary

The prototype will be developed for Android and it will implement 3 major P2P tezhnol
gies: WtFi, Bluetooth and NFC. In pe¢o-peer network, communicatiodoes not go
through a cetralized server like in a regular clies¢érver model. Data is sent directly from
peer to peer.
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There are currently no coupon applicatiémsEstonian market which are specificallyeer

ated fordistributingcoupons. Moreover, there are applicatios at all which are entirely

built around sharing coupons D2&hd givingdiscountcodes to usersnly when they

share or get share@reating such application reqes implementation d?2P data sharing
technology. If some years ago Bluetootbuld have been basically the omiable option,

then today we have more possibiliti@}. As D2D coupon sharing will be the only way
receiving discount codes, choosing one or the other P2P sharing technology will probably
be one the most crucial factomhich determines whether the application will be susces

ful or not.

3.1 Research question

In order to make the right choicpossible coupon sharingethodsmust be considered,
researched and testetihere are currently three main P2P data sharing technolbgies
Bluetooth, WiFi Direct and NFC as mentioned befofghoosing one of them without
testing all of them first ishe easyway, but could bea bigmistake if it turns out to be a
wrong choice laterThis thesigries to avoid this mistake by creating atptgpe befoe-
hand to test out all ahe 3 technologies. The aim ts find the most suitable technology
for an application which depends on P2P sharing.

3.2 Summary

It is always useful to research and test different technologies which could be used in the
prgect before developing any applicatio@reating a prototype for testing those methods
out is always a good ide@his thesis attempts to find the best P2P technology foua co
pon sharing application. A prototype applicataswell as experimentsill be created to
accomplish that goal.

10
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In order to carry out P2P experiments and to demonstrate P2P capabilities, a prototype
coupon sharing application is designed and developedvdivies implementing Bler

tooth, Wi-Fi Direct and NFCtechnologes to share coupons from deviced&vice.The
application is stored in a GitHub repositdfy

4.1 Application structure

The structure of the application is described by a sequence diagraeen ofigure 4.1.

As the application is prototype for a couponrgi@application, Google Maps application
programming interface (APwas also implemented to adthp tothe coupondetals page

with the location of theoupon. Furthermore, Google API was also used to add geofences
to coupon locations. This means that tiser will get a notification by the applicatioreev

ry time they get close to a place which offers coupons.

Coupon objects are converted into JavaScript Object Notation (JSON) and then stored to a
SQLite database as JSON objetthen receiving JSON objecfrom database, they are
converted back to coupon objects. The database us#te @application is local, but can
easily be connected to an online dataljake

Display coupon code

Figure4.1.Sequence diagram of the application

18 https://github.com/mobileloud-computing/Kupongitasku
11



4.2 Application flow

Selecting coupons

When the user opens the applicatiorgin activity stat and coupons will be loaded from
the databasas JSON objects and then converted to Coupon objagstom adapter is
used to inflate distview of couponsvhich will be shown in the main activity as seen on
Figure 4.2.

After the user chooseany coupm from the list the coupon will be again converted to
JSON, an intent will be created to start coupon details activity and the JSON object will be
sent as an extra @iieintentwhich wascreatedThen coupon details activity will be star

ed as seen on gire 4.3and Google Maps will be loaded asynchronoasyseen on B

ure 4.9 Coupon codes are notahlin to users unless they share ¢bepon or get the o

pon shared to them by someone else.

BAUE T ol 66

< Sushi by Sushi Masters

Sushi by Sushi Masters 19.99€

share to get coupon
code

Share this coupon with a friend
choose a way to share:

Coupon code:

Voucher sisaldab iihte isudratavat 18-
osalist sushiassortii komplekti
Valida on v6imalik 3 maitsva komp@

B hs ,
/730 minute massage vahel:

Figure4.2. Main activity Figure4.3. Coupon details activity
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Sharing coupons

For experimental purposes, three differeBPRlata sharing methods were implemented to
share coupons. Choosing NFC will just create a popup telling the user to connect the back
sides of two phones to share with NFC. For NFC to work, receiving user must have its
phone screen turned on, but openihg app itself is not required. After connecting the
phones, sending user has to simply touch the screen to complete the transfer. @oupon d
tails activity will be opened for the receiving user and coupon wollidbe available to

him as well as for the semdy user.

If the user chooses to share the coupon with Bluetooth, a listview of available remote d
vices with device nans&and hardware addresswill be shown in a popup window as seen

on Figure 4.4. The list will contain all paired devices and all dewd@ch have set the-
selves discoverable. After choosingpaired device from the lish RCOMM socket will

be created and pairing request popup will be shown by Android system for both sending
and receiving users as seen on Figure 4.5. If both usessekbm accept itonnection will

be established and the coupon will be shared, finally showing coupon code for both users.

13
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< Sushi by Sushi Masters

Searching for devices... Searching for devices...

ST TR
00:02:C7:6F:27:E0

BMW 63578 Bluetooth pairing request
00:0E:9F:9E:9F:D9

Gear S2 (FB96)

F0:5B:7B:23:FB:96 Confirm passkey is 060966 to

sl el pair with Heikki Ots (Galaxy S5).

CANCEL OK

CANCEL

Voucher sisaldab tihte isuaratavat 18-
osalist sushiassortii komplekti
Valida on vGimalik 3 maitsva komp@

vahel:

Figure4.4. Bluetooth discovery Figure4.5. Bluetooth pairing request

If the user chooses to share the coupon withRFiMDirect, similar popup window with
available devices list will appeas seen o Figure 4.6 All devices in the list have their
current status under device name. After choosimgwailabledevice from the list, the &t

t us ¢ han g e as sé¢eoonfrigunevdand thedréceiving user will have to confirm
the connectiomequest If the receiving user chooses to do so, aRiMDirect connection
will be formed, status changes to connected and the coupon will be sinaratso co-
pon code will be available fdroth participants as seen on g 4.8

14



B @ 7 .f67%1@ 1400 B O 7 .f67%H 14:00

Searching for devices... Searching for devices...

Heikki Ots (Galaxy S5) Heikki Ots (Galaxy S5)
Available Invited

CANCEL CANCEL

Figure4.6. WtFi Direct discovery Figure4.7. Bluetooth connecting
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CPHAB
< Sushi by Sushi Masters

Sushi by Sushi Masters 19.99€

Coupon code: 708CE42D
Share this coupon with a friend
choose a way to share:

Valida on voimalik 3 maitsva kom
vahel:

Figure4.8. Receiving Coupon

4.3 Summary

BAEQ 7 .4f67%1 14.00

Q AE BINUQ 7 L 66%id 13:43

< Sushi by Sushi Masters
mitteilmumisel ja sel moel tellimusest
loobumisel loetakse voucher kasutatuks!

Jaapaniparane sushi naudib Eestis
enneolematut populaarsust ja seda hea
pOhjusega — tegemist on tdepoolest
maitsva toiduga, mida siitia kontoris,
perega kodus voi heade sopradega
filmiGghtul!

Figure4.9. Google Maps

A P2P coupon shaninprototype was developeld.has local SQLite database for coupons,
which are loaded in the main activity to display a listview of coupons. Choosing a coupon
from the list opens a new coupon details actiaityl then thean share the coupon. The

prototype lets the user choose between three P2P methdl#<C, Bluetooth and WFi

Direct. Coupon code becomes available only after sharing a coupon or getting coupon

shared to you by another user.

The next chapter describes experiments which were conductes to teP 2 P

met hood

performance and usabiltilso, results of the experiments are presented and analysed.

16
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In order to determine which of the P2P technologies implemented in the prototype suits

the best for a coupon sharing application, they havee tested and compared based on
the resultsMore specifically, performance and usability will be put to a test.

5.1 P2P Experiments

First of all, to test performance, the prototype will be modified. Instead of just transferring
JSON object of the coupobMB worth of data will be sent with.iThis isfor measuring
transfer speed of sending a medium sized portion of data in case we wanted to also share
some more space consuming characteristics (such as images) of the coupon in the future.

Three different Adroid devices will be used: Samsung Galaxy S4, Samsung Galaxy S5
and Nexus 5. For every data sharing metladdial of 30 experiments will be executed to

get an adequate average result. Every phone shares a coupon 5 times to both other phones
which ultimately results in 30 experiments.

For Bluetooth and Wi Direct, discovery timeavill be measured separately. As there is
no discovery time for NFC, onlgiatasending timewill be measuredilso, to eliminate
human factor, pairing and connection acceptimcess for Bluetooth and Vi will be
automated programmatically.

Usability will be tested by an experiment, where participants are just told to shawe a co
ponto another usefThey can choose any of the three methods available for coupen sha
ing by themslves After sharing they will fill up a questionnairgAppendix A], which

was composed to get feedback about the experiment and gather data about user prefe
ences regarding P2P techogies. Sample size calculataras used to get the optimal
number of pdicipants needed which turned out to bd BOj[11].

17



5.2 Results

Performance
NFC 2,2
Bluetooth - 3,3
Wi-Fi Direct 4,8
0 2 4 6 8 10 12
M Discovery Sending

Figure5.1 Average transfer time in seconds

The resul of performance testing are presented as a column chart as seen in Figure 5.1.
As expected, average total sharing time was the lowest for NFC because no discovery is

needed.Longer sending time is explained by the fact, that Bluetooth anéiVirect
sending time also includes connecting and pairing time.

Usability

Figure5.2 Percentage of technologies chosen by participants
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